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Abstract 

 

Litter is found in all the world's oceans and seas, even in remote areas far from human contact 

and obvious sources of the problem. The continuous growth in the amount of solid waste 

discarded irresponsibly, and the very slow rate of degradation of most items, are together 

leading to a gradual increase in marine litter found at sea, on the sea floor and coastal shores. 

Marine litter is known to have a negative effect to organisms and ecosystems. All sea turtle 

species, half of marine mammals and 21% of sea bird species are victims of entanglement or 

ingestion of marine debris. But are there other consequences as a result of all this litter ending 

up in the oceans and seas? Does plastic affect sea water conditions? The purpose of this study 

was to investigate the effects of marine litter, especially plastic, on sea water conditions. This 

study investigated the effects of plastic litter on sea water temperature and sea water pH levels. 

This was analysed by recording the sea water temperature and sea water pH levels from two 

different samples: two large glass jars were filled with the same amount of sea water. In one of 

the jars the students put some plastic litter which they had collected during a clean-up activity 

from Ǩondoq Bay. The glass jars were placed outside exposed to the sun and rain.  The students 

also measured air temperature, humidity and barometric pressure and the GLOBE Observer 

App and Observation Cloud chart to measure the cloud cover following the steps of the GLOBE 

Protocols (GLOBE, 2014). The main objective was to find out the temperature and pH 

differences between these two samples. Results showed that the sea water containing plastic 

litter had a higher temperature and pH level. Results support the statement that plastic litter 

affects the temperature and pH of sea water.  
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Research Questions 
 

What are the effects of plastic on the marine environment?  

 

Does plastic litter affect sea water temperature and sea water pH level? 

Taking a whole school approach and integrating the investigation with various subjects 

including geography and science, the students learnt about Marine Litter. Research on marine 

pollution, the sources of marine litter and the degradation of plastic was carried out. An outdoor 

classroom activity, in one of Gozoôs coastal areas, gave the students the opportunity to collect 

data themselves. Using a digital microscope, the students also sampled the sand for 

microplastics. With all the knowledge learnt from their research on marine litter the students 

could understand better the concept of how marine litter is posing a threat to marine animals, 

ecosystems and the coastal environment.  Students carried out data collection and used it to 

investigate if marine litter of which plastic affects sea water conditions. Using a digital 

thermometer and a digital pH reader, the students measured sea water temperature and sea water 

pH level during the months of December and January. Readings were taken from two samples: 

one glass jar filled with sea water and another glass jar filled with sea water with plastic litter 

added to it.  

From the study of the weather conditions, cloud cover, and the observation of variations in 

temperatures and pH levels from their sea water samples, the students discussed and came up 

with their own conclusions. 

 

Is there a relationship between sea water temperature and the amount of plastic litter? 

 

What is the effect of a change in sea water temperature and pH level to marine animals and 

ecosystems?  

 

Plastic debris in our seas and oceans is causing an increase in sea water temperature and higher 

pH levels when compared to sea water free from plastic fragments. Supported with the 

knowledge obtained by the students during their science and geography lessons together with 

the research conducted on the marine litter, it was concluded that plastic litter really effects sea 

water temperature and sea water pH levels.  

 

Introduction  
 

The aim of the study is to find out the extent of the effect of plastic litter on sea water 

temperature and sea water pH levels. In this study we used the experimental method, where the 

sea water temperatures and pH levels were measured during December 2019 and January 2020.  

During this period, the sea water temperatures and pH levels of two different samples were 

measured. From this study it was found that plastic litter has an effect on the sea water 

temperature and pH level. This study contributes significantly to the importance of reducing 

single use plastic, increasing awareness about the effects of marine litter and opting for zero 

waste societies not only locally but globally.  

According to the International Maritime Organization (IMO, 2020), marine litter presents a 

huge problem in our oceans, with some scientists warning that, by 2050, the quantity of plastics 



in the oceans will outweigh fish (Bessa et al., 2018). Plastic materials in all shapes and sizes 

can be found everywhere, in all our seas and oceans.  They break down extremely slowly in the 

marine environment, taking over 400 years (Reddy et al, 2018). Marine litter originates from 

many sources and causes a wide range of environmental, economic, safety, health and cultural 

impacts. For example, marine litter can cause harm to sea life if ingested or even death if a 

marine mammal becomes entangled in litter (PEW, 2018 - www.pewtrusts.org)   

Marine litter has been defined by UN Environment (2018) as ñany persistent, manufactured or 

processed solid material discarded, disposed of or abandoned in the marine and coastal 

environment. Marine litter consists of items that have been made or used by people and 

deliberately discarded into the sea or rivers or on beaches; brought indirectly to the sea with 

rivers, sewage, storm water or winds; accidentally lost, including material lost at sea in bad 

weather (fishing gear, cargo); or deliberately left by people on beaches and shores.ò (OMI, 2020 

- www.imo.org) 

 

Research Methods 
 

Study site: 

Following an outdoor classroom activity held at Ǩondoq Bay (Figure 1), a small sandy beach 

in the SE of Gozo, the students decided to investigate the effects of plastic litter on sea water 

temperature and sea water pH levels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1 Map of the Maltese Island and study site from where sea water samples were collected 

https://wedocs.unep.org/bitstream/handle/20.500.11822/10744/MarineLitterAglobalChallenge.pdf?sequence=1&isAllowed=y


Figure 2 Glass jars filled with sea water 

 

Methodology: 

Taking some sea water samples at school, the students filled two large glass jars with the same 

amount of sea water. In one of the jars the students put some plastic litter (Figure 2) which they 

had collected during the clean-up activity from Ǩondoq Bay. The glass jars were placed outside 

exposed to the sun and rain.   

 

 

 

 

 

 

 

 

 

Apparatus used: 

Data logger to measure air temperature, humidity and air pressure 

GLOBE Observer App to record cloud type and cover 

2 big glass jars 

Sea water 

Plastic litter 

Digital pH reader 

Digital thermometer 

 

Every day the students took three readings of the sea water temperature and pH level from both 

jars (Figure 3) and then the mean of the three samples was calculated. Moreover, the students 

measured the air temperature, humidity and air pressure, observed cloud cover using the 

GLOBE Observer App and described the general outlook of the weather following the steps of 

the GLOBE Protocols (GLOBE, 2014). 

 

 

 



 

 

                                 Figure 3 Readings of sea water temperature and pH value on 19th December 2019 



By the third week it was noticed that the sea water in both jars had evaporated by a third (Figure 

4). We decided to continue taking readings without adding any sea water not to affect pH 

readings. The weather in Malta was particularly dry during this yearôs winter months with days 

being warm and sunny.  

 

 

                                        Figure 4 Sea water in glass jars evaporated by a third 

 

The last day of observation and data collection was January 31st, 2020 (Figure 5). The students 

decided to stop collecting data for the following reasons: 

i. Sea water evaporated even further. 

ii.  With 23 readings we noticed a consistent pattern. 

iii. It was time to analyse our data.  

 

 

 

 

 

 

 

 

 

 

  

Figure 5 Students collecting daily readings 



Data Analysis  

 

All data gathered was analysed through mean values of repetitions (pH and temperature) by jar 

to the both treatments (with plastics, without plastics).  The mean values were plotted along the 

time to verify the changes between the both treatments. Finally, the mean values were analysed 

using a paired sample-t test to verify meaningful differences between the means of the 

treatments to both the pH and the water temperature. The test was performed using the free 

software Past 4.0 (Hammer, 2001).  

 

 

Results 

 

The screenshots below show data uploaded on GLOBE website during observation period 

between December 2019 and January 2020 (Figures 6, 7, 8 and 9). Besides the sea water 

temperature and sea water pH values, the students collected daily readings of air temperature, 

barometric pressure, humidity and cloud cover and type together with surface conditions 

following GLOBE Protocols guide.  

 

 

Air Temperature 

 

Figure 6 Air temperature plot of VIZ GLOBE 



Barometric pressure 

 

Relative humidity 

Figure 7 Barometric pressure plot of VIZ GLOBE 

Figure 8 Relative humidity plot of VIZ GLOBE 



Clouds  

  

Figure 9 Clouds plot of VIZ GLOBE 



Screenshots from observer.globe.gov showing different cloud types and surface conditions 

for two particular days from the observation period, one in December (Figure 10) and one in 

January (Figure 11) 

 

 

Figure 10 Clouds and surface conditions on 19th December 2019 

 

 

 

Figure 11 Clouds and surface conditions on 27th January 2020


